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(QYLURQPHQWDOLVWV YRLFH WKHLU FRQFHUQV DORQJ D GLIIHUHQW OLQH 7KHLU ZRUU\ LV QRW WKDW
HQYLURQPHQWDO SROLF\ LV XVHG DV D EDUULHU WR IUHH WUDGH 2Q WKH FRQWUDU\ HQYLURQPHQWDOLVWV
PDLQWDLQ WKDW WUDGH OLEHUDOL]DWLRQ QRW RQO\ GDPDJHV WKH HQYLURQPHQW WKURXJK LQFUHDVHG
SURGXFWLRQFRQVXPSWLRQDQGWUDQVSRUWDWLRQRIJRRGVEXWWUDGHOLEHUDOL]DWLRQDOVRLQGXFHVSROLF\
PDNHUVGHSULYHGRI WUDGHSROLF\ LQVWUXPHQWV WRVHW³RYHUOD[´HQYLURQPHQWDOVWDQGDUGVRU WD[HV
EHFDXVHRIFRPSHWLWLYHQHVVFRQFHUQV8OSK7KHTXHVWLRQZKHWKHUEHQHYROHQWJRYHUQPHQWV
DFWXDOO\ KDYH DQ LQFHQWLYH WR LPSOHPHQW DQ ³RYHUOD[´ HQYLURQPHQWDO SROLF\ IRU UHDVRQV RI
LQWHUQDWLRQDOFRPSHWLWLYHQHVVRIWKHGRPHVWLFLQGXVWU\LVDIXQGDPHQWDOTXHVWLRQWKDWLVWUHDWHGLQ








ZLWK D VLPLODU IRUHLJQ ILUP (DFK JRYHUQPHQW GHWHUPLQHV XQLODWHUDO RU ELODWHUDO VWUDWHJLF
HQYLURQPHQWDO SROLF\ SULRU WR ILUPV FKRRVLQJ WKHLU RXWSXWSULFH OHYHOV 7KH JRYHUQPHQWV¶
REMHFWLYHV DUH WR PD[LPL]H WKH GLIIHUHQFH EHWZHHQ WKH ILUPV¶ SURILWV DQG PRQHWL]HG ORFDO

SROOXWLRQ GDPDJH DULVLQJ IURP SURGXFWLRQ %DUUHWW VKRZV WKDW VWUDWHJLF FRQVLGHUDWLRQV RI WKH
JRYHUQPHQW WR VHW ³RYHUOD[´ RU ³RYHUVWULQJHQW´ HQYLURQPHQWDO SROLF\ JRDOV LQ WKH VHQVH RI
EHORZRUDERYHWKHOHYHORIPDUJLQDOGDPDJHRISROOXWLRQGHSHQGRQWKHPDUNHWVWUXFWXUH,IWKH
GRPHVWLF LQGXVWU\ LV DPRQRSRO\ RQ WKH ZRUOGPDUNHW LW LV RSWLPDO WKDW WKH JRYHUQPHQW LQ D
VHFRQGEHVW ZRUOG DGRSWV DQ ³RYHUOD[´ HQYLURQPHQWDO VWDQGDUG ,Q WKH FDVH RI D %HUWUDQG
ROLJRSRO\ZKHUHFRPSHWLWLRQPDWHULDOL]HVLQSULFHVUDWKHUWKDQTXDQWLWLHVWKHJRYHUQPHQWKDVDQ
LQFHQWLYHWRDGRSW³RYHUVWULQJHQW´VWDQGDUGVFRQWUDU\WRWKHFDVHRI&RXUQRWFRPSHWLWLRQ





VWDQGDUGV FRUUHVSRQGLQJ WRPDUJLQDO VRFLDO GDPDJH 7KLV UHVXOW DSSOLHV IRU D ODUJH FRXQWU\ DV
ZHOO DV ORQJ DV WKHUH DUHQR VHFRQGEHVW FRQVWUDLQWVRQSROLF\5DXVFKHU DOVR FRQMHFWXUHV WKDW
ZLWKDPRQRSROLVWLFRUROLJRSROLVWLFVWUXFWXUHRIZRUOGPDUNHWVLQDVHFRQGEHVWZRUOGLWZRXOG
QRWQHFHVVDULO\SD\JRYHUQPHQWVWRHQJDJHLQHFRGXPSLQJ
1HDU\  LQYHVWLJDWHV WKH LVVXH LQ D VRPHZKDW GLIIHUHQW IUDPHZRUNXVLQJ WKH GXDO
WHFKQLTXHVRI*13DQGH[SHQGLWXUHIXQFWLRQVIRUSURGXFWLRQDQGFRQVXPSWLRQUHVSHFWLYHO\7KH















ODUJH FRXQWU\ FDVHV ZLWK SHUIHFW FRPSHWLWLYH GRPHVWLF PDUNHWV WKH\ REWDLQ UHVXOWV VLPLODU WR
5DXVFKHU7KH\DOVRFRQVLGHUWKHFDVHRIDQROLJRSRO\ZLWKDVLQJOHGRPHVWLFILUPLQERWK
D SDUWLDO DQG D JHQHUDO HTXLOLEULXP VHWWLQJ XVLQJ WKH&RXUQRW1DVK HTXLOLEULXP FRQFHSW ZLWK
JRYHUQPHQWVDFWLQJRQWKH&RXUQRWDVVXPSWLRQRIWDNLQJWKHIRUHLJQILUP¶VDFWLRQVDVJLYHQ,Q
WKLVFDVHWKH\ILQGWKDWWKHJRYHUQPHQWZLOOVHWXQLIRUPHPLVVLRQWD[HVHTXDOWRPDUJLQDOVRFLDO
GDPDJH IRU ERWK WKH H[SRUW DQG WKH VKHOWHUHG VHFWRU+RZHYHU LQ DSDUWLDO HTXLOLEULXPPRGHO
HPLVVLRQWD[HVZRXOGEHVHWORZHUWKDQPDUJLQDOGDPDJHIRUWKHH[SRUWVHFWRULIWKHJRYHUQPHQW
LQGXFHV WKH KRPH ROLJRSRO\ WR VXSSO\ DV D 6WDFNHOEHUJ TXDQWLW\ OHDGHU DV ZDV VKRZQ LQ D
GLIIHUHQW FRQWH[W E\%DUUHWW  ,W LV DOVR VKRZQ WKDW LQ D JHQHUDO HTXLOLEULXP VHWWLQJ WKH
UHVXOWPD\EH UHYHUVHGDQGKHQFHPRUHVWULQJHQW WD[DWLRQFDQEHRSWLPDO7KLV UHVXOWFRQWUDVWV
VKDUSO\ZLWKVRPHRIWKHUHVXOWVGHULYHGLQDSDUWLDOHTXLOLEULXPVHWWLQJ)RU%HUWUDQGFRPSHWLWLRQ
DVLPLODUUHYHUVDOKROGVVHH(OEHUVDQG:LWKDJHQE
,Q WKHSUHVHQWSDSHUZHH[DPLQH WKH LVVXHRIHFRORJLFDOGXPSLQJ LQDGLIIHUHQWSROLF\
FRQWH[W 6SHFLILFDOO\ ZH DVVXPH D JLYHQ OHYHO RI HPLVVLRQ IRU DQ HFRQRP\ WKDW FDQQRW EH
VXUSDVVHG$VDUHVXOWHPLVVLRQLVQRWPRGHOHGDVDQDUJXPHQWLQWKHZHOIDUHIXQFWLRQEXWUDWKHU
DV D FRQVWUDLQW WR EH REVHUYHG 7KH JRYHUQPHQW EHKDYLRU LV WKHQ UHVWULFWHG WR VHWWLQJ








7KH3DUWLHV LQFOXGHG LQ$QQH[ , VKDOO LQGLYLGXDOO\ RU MRLQWO\ HQVXUH WKDW WKHLUDJJUHJDWH DQWKURSRJHQLFFDUERQGLR[LGHHTXLYDOHQWHPLVVLRQVRIWKHJUHHQKRXVHJDVHV OLVWHG LQ $QQH[ $ GR QRW H[FHHG WKHLU DVVLJQHG DPRXQWV FDOFXODWHGSXUVXDQW WR WKHLU TXDQWLILHG HPLVVLRQ OLPLWDWLRQ DQG UHGXFWLRQ FRPPLWPHQWVLQVFULEHGLQ$QQH[ %DQGLQDFFRUGDQFHZLWKWKHSURYLVLRQVRIWKLV$UWLFOHZLWKDYLHZWRUHGXFLQJWKHLURYHUDOOHPLVVLRQVRIVXFKJDVHVE\DWOHDVWSHUFHQWEHORZOHYHOVLQWKHFRPPLWPHQWSHULRGWR
,QVXFKDSROLF\VHWWLQJHFRORJLFDOGXPSLQJRUSUHIHUHQWLDOWUHDWPHQWRIWKHH[SRVHGVHFWRULVD
SLYRWDO LVVXH )RU H[DPSOH LQ 7KH 1HWKHUODQGV D JRYHUQPHQW DGYLVRU\ FRPPLWWHH UHFHQWO\










UHVHPEOHV WKHPRGHOV XVHG LQ HDUOLHU ZRUN E\ (OEHUV DQG:LWKDJHQ DE DQG  7KH
SROLF\FRQWH[WLVGLIIHUHQWKRZHYHUEHFDXVHZHLPSRVHDQXSSHUERXQGRQWKHHPLVVLRQV

$VVXPH DQ HFRQRP\ ZLWK ILYH W\SHV RI FRPPRGLWLHV WKUHH FRQVXPHU FRPPRGLWLHV
FDSLWDO DQG D UDZ PDWHULDO 7KH ILUVW FRQVXPHU FRPPRGLW\ LV SURGXFHG DQG FRQVXPHG
GRPHVWLFDOO\RQO\3URGXFWLRQWDNHVSODFHLQWKHVRFDOOHGVKHOWHUHGVHFWRU:HDVVXPHWKDWWKLV
VHFWRU FRQWDLQV PDQ\ SULFHWDNLQJ ILUPV DOORZLQJ XV WR ZRUN ZLWK DQ DJJUHJDWH WHFKQRORJ\
GHVFULEHGE\DSURGXFWLRQIXQFWLRQ ) WKDWKDVFDSLWDO N DQGWKHUDZPDWHULDO \ DVLQSXWV7KH
IXQFWLRQ ) KDVWKHIROORZLQJSURSHUWLHV   !! \N ))   NN) DQG  \\) ZKHUHOHWWHUV
LQ VXEVFULSWV GHQRWH SDUWLDO GHULYDWLYHV 'RPHVWLF FRQVXPSWLRQ RI WKH JRRG SURGXFHG LQ WKH
VKHOWHUHGVHFWRULVGHQRWHGE\ F
7KH VHFRQG FODVV RI FRQVXPHU FRPPRGLWLHV LV SURGXFHG LQ WKH H[SRVHG VHFWRU 7KH
FRPPRGLWLHVFDQEHKHWHURJHQHRXVVR WKHH[SRVHGVHFWRUSURGXFHV  tQQ YDULHWLHV LQGH[HG
E\ QL  7KHDJJUHJDWHSURGXFWLRQRIYDULHW\ L LVGHVFULEHGE\DSURGXFWLRQIXQFWLRQ L) 
HPSOR\LQJ FDSLWDO LN DQG D UDZ PDWHULDO L\ DV LQSXWV 7KH IXQFWLRQ L) KDV WKH IROORZLQJ
SURSHUWLHV   !! L\LN ))  LNN)  DQG  L\\)  7KH RXWSXW LV SDUWLDOO\ FRQVXPHG
GRPHVWLFDOO\  LF ZLWK F UHSUHVHQWLQJ WKHDJJUHJDWHFRQVXPSWLRQYHFWRU   QFFFF  









7KHHFRQRP\¶VHQGRZPHQWRIFDSLWDOLVJLYHQE\ N 7KHUDWHRIUHWXUQRQFDSLWDOLVGHQRWHG U 
7KH UDZ PDWHULDO FDQ EH FRQFHLYHG RI DV D IRVVLO IXHO :H GR QRW FRQVLGHU DQ LQWHU
WHPSRUDO VHWWLQJ DQG WKHUHIRUH QHJOHFW WKH H[KDXVWLELOLW\ RI WKH UHVRXUFH IURP ZKLFK WKH UDZ
PDWHULDO LV H[WUDFWHG 7KH UDZ PDWHULDO LV LQ SULQFLSOH IUHHO\ DYDLODEOH LQ XQOLPLWHG DPRXQWV
DOWKRXJK SURFHVVLQJ RI WKH UDZPDWHULDO FDXVHV SROOXWLRQ 8VLQJ RQH XQLW RI WKH UDZPDWHULDO
HQWDLOV RQH XQLW RI HPLVVLRQ VR QR DEDWHPHQW WHFKQRORJ\ LV DYDLODEOH 'XH WR international 
environmental agreements, there is an upper bound \  on the use of pollutants or energy. ,QRUGHU
WR FRPSO\ ZLWK WKH LQWHUQDWLRQDO QRUP WKH JRYHUQPHQW OHYLHV HPLVVLRQ WD[HV W DQG LW
 QL  SHUXQLWRIUDZPDWHULDOXVHGLQWKHVKHOWHUHGVHFWRUDQGLQWKHILUPVRIWKHH[SRVHG
VHFWRU UHVSHFWLYHO\ ,Q SULQFLSOH WKH HPLVVLRQ WD[HV FDQ EH GLIIHUHQWLDWHG ZLWKLQ DV ZHOO DV
EHWZHHQVHFWRUV7D[UHYHQXHVDUHUHF\FOHGWRFRQVXPHUVLQDOXPSVXPIDVKLRQ
,QFRPHRIWKHUHSUHVHQWDWLYHFRQVXPHU FRQVLVWVRIWKUHHSDUWV7KHILUVWFRPSRQHQWLVWKH
YDOXH RI WKH FDSLWDO HQGRZPHQW NU  ZKLFK LV WKH RQO\ FRQVXPHU¶V HQGRZPHQW 7KH VHFRQG
FRPSRQHQWRILQFRPHFRQVLVWVRIWKHUHF\FOHGHPLVVLRQWD[UHYHQXHV ¦   QL LL \\   WW 7KHILQDO
FRPSRQHQW LV WKH SURILWV RI WKH ILUPV 3URILWV LQ WKH VKHOWHUHG VHFWRU DPRXQW WR
  \UN\N)S WS  ZKHUH S LV WKH RXWSXW SULFH 3URILWV DFFUXLQJ WR WKH FRQVXPHU
IURP WKH H[SRVHG VHFWRU DUH ^ `¦  QL LLLLLLL \UN\N)S   WS ZKHUH LS LV WKH ZRUOG
PDUNHWSULFH7KHH[SRVHGVHFWRUFDQEHJLYHQDQH[SRUWVXEVLG\LQZKLFKFDVHSURILWVLQFUHDVH
EXWLQHIIHFWWKHFRQVXPHUVSD\IRUWKHVXEVLG\VLQFHWKHJRYHUQPHQW¶VEXGJHWLVEDODQFHG7KH
³QHW´SURILWV IURP WKHH[SRVHGVHFWRUDFFUXLQJ WR WKHFRQVXPHUDUH WKHQ S $OWHUQDWLYHO\ WKH




VLWXDWLRQZKHUHILUPVPD[LPL]HSURILWVWRWDOLQFRPHERLOVGRZQWR ¦   QL LL )S)S   
3UHIHUHQFHV LQYROYH FRQVXPSWLRQ RQO\ DQG FRQVXPHU XWLOLW\ LV UHSUHVHQWHG E\
  FFF8 7KHXWLOLW\IXQFWLRQLVDVVXPHGWRKDYHDOOWKHFRPPRQO\GHVLUHGSURSHUWLHVVXFK




LPSRVHG E\ WHFKQRORJ\ DQG HQHUJ\ XVH LQLWLDO HQGRZPHQWV RI FDSLWDO DQG WKH FRQGLWLRQ RI






E\ L[  ZH ZULWH   LLL [SS  IRU WKH LQYHUVH ZRUOG GHPDQG IXQFWLRQ:HZLOO QRW IRFXV RQ
LPSHUIHFW FRPSHWLWLRQ RQ GRPHVWLFPDUNHWV LQ RUGHU WR EH DEOH WR FRQFHQWUDWH RQ WKH LVVXH RI
LQWHUQDWLRQDOWUDGHDQGVWUDWHJLFHQYLURQPHQWDOSROLF\
,Q PDWKHPDWLFDO WHUPV WKH ILUVWEHVW RSWLPXP LV WKH VROXWLRQ RI WKH PD[LPL]DWLRQ RI
  FFF8 VXEMHFWWR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7KHPXOWLSOLHUV  DQG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 PPOOO QLL  FRUUHVSRQGZLWK WKH ILUVW FRQVXPHU FRPPR
GLW\WKHH[SRUWHGFRPPRGLWLHVWKHLPSRUWHGFRPPRGLW\FDSLWDODQGHQHUJ\UHVSHFWLYHO\7KH
SULFHHODVWLFLWLHVRIZRUOGGHPDQGDUH LH  QL  ZKLFKLQDQRSWLPXPDUHVPDOOHUWKDQ±
7KHHTXDWLRQV LQDUWLFXODWHWKDWPDUJLQDOFKDQJHVLQWKHFRQVXPHU¶VXWLOLW\DULVLQJ
IURP PDUJLQDO FKDQJHV LQ WKH FRQVXPSWLRQ RI WKH FRPPRGLWLHV HTXDO WKH VKDGRZ SULFHV

(TXDWLRQV DQG  VWDWH WKDW WKHPDUJLQDOYDOXHRI UHOD[LQJ WKHFRQVWUDLQWRQ WKHFDSLWDO
HQGRZPHQW P  LV HTXDO WR WKHPDUJLQDO SURGXFW RI FDSLWDO 6LPLODUO\ WKHPDUJLQDO YDOXH RI
UHOD[LQJWKHFRQVWUDLQWRQUDZPDWHULDORUHPLVVLRQV P LVHTXDOWRWKHSURGXFWRIWKHPDUJLQDO
SURGXFWRIUDZPDWHULDORUHPLVVLRQV)LQDOO\FRQGLWLRQUHSUHVHQWVWKHPD[LPL]DWLRQRIWKH
QHW UHYHQXHV IURPH[SRUWLQJ7\SH FRPPRGLWLHV ,Q WKH VHTXHO DVWHULVNVGHQRWH WKH ILUVWEHVW
YDOXHV
7KH ILUVWEHVW RSWLPXP LV UHDOL]HG LQ D GHFHQWUDOL]HG VHWWLQJ E\ WKH IROORZLQJ IDPLOLDU
UXOHV )LUVW OHY\ DQ H[SRUW WD[ RQ WKH H[SRUWHG FRPPRGLWLHV VXFK WKDW WKH GRPHVWLF SULFH RI
FRPPRGLW\ L RI7\SH LSa HTXDOV    LLS H  LQRUGHUWRH[SORLWWKHPRQRSRO\SRZHURQ
WKHZRUOGPDUNHW6HFRQGLPSRVHDQHPLVVLRQVWD[   OPW   &RQVHTXHQWO\WKHUHQHHGQRWEH










 2QH FDQ VWUDLJKWIRUZDUGO\ GHULYH WKLV UHVXOW E\ FRQVLGHULQJ WKH RSWLPL]DWLRQ SUREOHPV RI DOO LQGLYLGXDODJHQWVLQWKHHFRQRP\6LQFHWKHXWLOLW\DQGWKHSURGXFWLRQIXQFWLRQVDUHFRQFDYHDQGWKHGDPDJHIXQFWLRQLVFRQYH[WKHILUVWRUGHUQHFHVVDU\FRQGLWLRQVDUHVXIILFLHQW

E )RU PDUNHWV ZKHUH WKH FRXQWU\ KDV PRQRSRO\ SRZHU DQ H[SRUW WDULII VKRXOG EH LPSRVHGPDLQWDLQLQJDXQLIRUPV\VWHPRIHPLVVLRQWD[HVRUWUDGDEOHSHUPLWV
6HFRQGEHVWRSWLPXPLQWKHFDVHRIDODUJHFRXQWU\
7KH VLWXDWLRQ EHFRPHV PRUH FRPSOLFDWHG ZKHQ GXH WR LQWHUQDWLRQDO UHJXODWLRQV WUDGH SROLF\
LQVWUXPHQWV LQ WKH IRUP RI H[SRUW WDULIIV FDQQRW EH XVHG:HPDNH D GLVWLQFWLRQ EHWZHHQ WZR
FDVHV ,Q WKH ILUVW FDVHZH VWXG\DQH[SRVHG VHFWRU FRQVLVWLQJRIPDQ\SULFHWDNLQJ ILUPV:H
SHUIRUPDORFDODQDO\VLVRIWKHFDVHZKHUHWKHJRYHUQPHQWKDVLPSRVHGDXQLIRUPHPLVVLRQVWD[
DQGDGGUHVV WKH LVVXHZKHWKHUGHYLDWLRQVIURPWKLVSROLF\FDQ LQFUHDVHVRFLDOZHOIDUH:HDOVR
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  QL)S)SU)S)S LL\L\LNLN       WW
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 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
6XSSRVH WKH JRYHUQPHQW KDV VHW RSWLPDO XQLIRUP HPLVVLRQV WD[HV ZKHUH RSWLPDO
LPSOLHV WKHUH LV QR RWKHU XQLIRUP HPLVVLRQV WD[ WKDW \LHOGV KLJKHU VRFLDOZHOIDUH:H DUH
LQWHUHVWHGLQWKHTXHVWLRQKRZZHOIDUHFKDQJHVLIWKHJRYHUQPHQWGHYLDWHVIURPWKLVSROLF\
JLYHQ WKHPDUNHW EHKDYLRU E\ LQGLYLGXDO DJHQWV:LWK HTXDO HPLVVLRQV WD[HV WKHPDUJLQDO
FKDQJHLQZHOIDUH G8 FDQEHZULWWHQDVVHHWKH$SSHQGL[IRUWKHGHULYDWLRQ




DERYH EXW WKH OLNHOLKRRG RI RSWLPDOLW\ RI D V\VWHP RI XQGLIIHUHQWLDWHG WD[HV LV VPDOO %\
FRQWUDGLFWLRQWKLVFDQEHVHHQ DVIROORZV&RQVLGHUWKHFDVHRIDVLQJOHH[SRUWDEOH  Q DQG
FRQVWDQWUHWXUQVWRVFDOHLQSURGXFWLRQ6XSSRVHWKDWWKH(QJHOFXUYHVDUHPRQRWRQLFDQGWKDWDQ
LQFUHDVH LQ W UHVXOWV LQ D ORZHU S  DQG KHQFH LQ ORZHU XWLOLW\ 6LQFH WKH SULFH HODVWLFLW\ RI
GHPDQG LV ODUJHU WKDQ XQLW\ LQ DEVROXWH YDOXH H[SRUW UHYHQXHV LQFUHDVH WKHUHE\ LQFUHDVLQJ
FRQVXPSWLRQRIWKHLPSRUWHGFRPPRGLW\7KLVFDQRQO\KDSSHQLIUHDOLQFRPHKDVLQFUHDVHGEXW











MXVWRQHH[SRUWHGFRPPRGLW\   Q XWLOLW\LVORJDULWKPLFDOO\DGGLWLYHSURGXFWLRQIXQFWLRQVDUH
&REE'RXJODVDQGZRUOGGHPDQGIRUWKHH[SRUWHGFRPPRGLW\LVLVRHODVWLF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 OQOQOQ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  H[[S  
8WLOLW\ PD[LPL]DWLRQ VXEMHFW WR WKH EXGJHW FRQVWUDLQW LPSOLHV     FFSFS
@>  )S)S  7RJHWKHU ZLWK WKH FRQGLWLRQV IRU PDUNHW HTXLOLEULXP  F)  DQG
  S[F)  WKLV\LHOGV   S[SFS[FS[SFS    +HQFH  )F  )DFWRU
GHPDQGVDUH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7KLVPD[LPL]DWLRQSUREOHP\LHOGV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6LQFH WKHSULFH HODVWLFLW\RIZRUOGGHPDQG LVQHJDWLYH WKLV UHVXOW VKRZV WKDW WKH H[SRUW VHFWRU
VKRXOGEHWD[HGPRUHKHDYLO\WKDQWKHVKHOWHUHGVHFWRULQDOOFLUFXPVWDQFHVDQGLUUHVSHFWLYHRIWKH
FDSLWDO VWRFN EHFDXVH HQYLURQPHQWDO SROLF\ GRHV QRW FKDQJHZLWK FKDQJHV LQQDWLRQDO LQFRPH
HPERGLHGLQDODUJHUFDSLWDOVWRFN,QDGGLWLRQLQDWUDGDEOHSHUPLWVV\VWHPWKHV\VWHPVKRXOGEH
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,W LV VWUDLJKWIRUZDUG WRVHH WKDW  G8 LI Q  WWWW     VHH WKH$SSHQGL[IRUGHWDLOV




WKH LVVXH RI VWUDWHJLF HQYLURQPHQWDO SROLF\ LV LQ WKH OLPHOLJKW EHFDXVH RI WKH H[LVWHQW SROLWLFDO
WHQVLRQ EHWZHHQ GRPHVWLF HQYLURQPHQWDO SROLF\PDNLQJ DQG WUDGH OLEHUDOL]DWLRQ $ ILUVWEHVW
ZRUOGDQDO\VLVLVWKHUHIRUHDWEHVWDQLQWHUHVWLQJWKHRUHWLFDOH[HUFLVH&RQFXUUHQWO\DVHFRQGEHVW
DSSURDFK LV QHFHVVDU\ ,QDVHFRQGEHVWZRUOGZKHUHJRYHUQPHQWVDUHGHSULYHGRIWUDGHSROLF\
LQVWUXPHQWV D ODUJHFRXQWU\ JRYHUQPHQW ZLOO EH LQGXFHG WR UHVRUW WR ³RYHUVWULQJHQW´










RQ WKH VWUDWHJLF WUDGH OLWHUDWXUH SLRQHHUHG E\ 6SHQFHU DQG %UDQGHU  DQG %UDQGHU DQG
6SHQFHU7KHFRUHLVVXHLQWKLVOLWHUDWXUHLVZKHWKHUZHOIDUHFDQEHHQKDQFHGE\UDLVLQJWKH
VXSSO\RIWKHH[SRUWLQGXVWU\LQWKHKRPHFRXQWU\IRU DJLYHQVXSSO\E\WKHIRUHLJQILUPV6XFKD
JRYHUQPHQWDO REMHFWLYH PD\ EH IXOILOOHG WKURXJK SUHFRPPLWPHQW RI VXEVLG\ SURYLVLRQV $
SURGXFWLRQH[SRUWVXEVLG\DQGDQHFRQRP\ZLGHUHVHDUFKDQGGHYHORSPHQWVXEVLG\DUHW\SLFDO
H[DPSOHVRI VXFKDSROLF\3UHFRPPLWPHQWVE\ WKHJRYHUQPHQWHQDEOH WKHGRPHVWLFH[SRUWLQJ
ILUPWRSOD\WKHVWUDWHJLFJDPHDVD6WDFNHOEHUJOHDGHUUDWKHUWKDQLQD1DVKIDVKLRQ








SROLF\ LQ WKH VHQVH WKDW WKH KRPH ILUP SD\V OHVV WKDQ WKH 3LJRXYLDQ WD[ FRUUHVSRQGLQJ WR WKH
PDUJLQDOGDPDJHRIFKDUJLQJ\LHOGLQJ7KLVUHVXOWLVUHYHUVHGLQWKHFDVHRI%HUWUDQGFRPSHWLWLRQ
5DXVFKHU  DQG (OEHUV DQG:LWKDJHQ DE FRQVLGHU WKH LVVXH LQ D JHQHUDO
HTXLOLEULXPVHWWLQJ7KHLUDQDO\VHVJREH\RQGWKHTXHVWLRQZKHWKHURUQRWHQYLURQPHQWDOSROLF\







WKHXSSHUERXQGRI WKH HPLVVLRQVXVH$WWHPSWV WR LQFUHDVHSURGXFWLRQRI WKHH[SRUW VHFWRUE\
ORZHULQJWKHWD[LQWKLVVHFWRUVKRXOGQHFHVVDULO\EHDFFRPSDQLHGE\DULVHLQWKHWD[LPSRVHGRQ
WKH GRPHVWLF VHFWRU7KLV LPSOLHV WKDW XQOLNH LQ WKHPRGHOV GLVFXVVHG DERYH DPHUH WUDGHRII
EHWZHHQ DGGLWLRQDO HPLVVLRQV DQGDGGLWLRQDOZHOIDUH LV DEVHQWEHFDXVHRI WKHELQGLQJ UHVRXUFH
FRQVWUDLQW &RQVHTXHQWO\ WKH H[SRUW VHFWRU FDQQRW EH FRQVLGHUHG LQ LVRODWLRQ DQG D JHQHUDO
HTXLOLEULXPDSSURDFKLVLQRUGHU
:HXVHWKHVXSHUVFULSWV I DQG K WRUHIHUWRWKHIRUHLJQDQGKRPHFRXQWU\UHVSHFWLYHO\
DQGFRQVLGHUWKHFDVHRIDVLQJOHGRPHVWLFSURGXFHU  Q DFWLQJDVDQROLJRSRO\RQWKHZRUOG
PDUNHW 7KHUH LV QR GRPHVWLF FRQVXPSWLRQ RI WKH H[SRUW FRPPRGLW\ 7KH LQYHUVH GHPDQG
IXQFWLRQLVWKHQZULWWHQDV   IK [[S[S  DQGSURILWPD[LPL]DWLRQLQWKHH[SRVHGVHFWRU
WDNLQJIRUHLJQVXSSO\DVJLYHQ\LHOGVDQGZLWKWKHLQGH[ L GHOHWHG6WDUWLQJIURPD
JHQHUDO HTXLOLEULXP WKH IROORZLQJZHOIDUH FKDQJHFDQEHGHULYHG LQ DZD\TXLWH VLPLODU WR WKH
GHULYDWLRQRI
 > @  ¿¾½®̄­  IKKKKKFK G[[G[GSG\G\8G8 WW










JRYHUQPHQW OHYHO LV WRDVVXPH WKDW WKH IRUHLJQJRYHUQPHQW WDNHV WKH WD[ UDWHV VHWE\ WKHKRPH




IRUHLJQ ILUP ZKLFK LV VXEMHFW WR WD[HV LQ WKH IRUHLJQ FRXQWU\ ,Q RUGHU WR FLUFXPYHQW WKLV
FRPSOLFDWLRQZHZLOODVVXPHWKDWWKHIRUHLJQJRYHUQPHQWWDNHVZRUOGPDUNHWVXSSO\E\WKHKRPH
FRXQWU\DVJLYHQDQGVXEVHTXHQWO\GHWHUPLQHVLWVRZQRSWLPDOWD[VWUXFWXUH$VDUHVXOWIRUDQ\
JLYHQ K[ WKH IRUHLJQJRYHUQPHQW VHWV XQLIRUPHPLVVLRQV WD[HV WKDWPD[LPL]HVRFLDOZHOIDUH
7KHVHWD[HVDOVRJHQHUDWHIRUHLJQVXSSO\WKDWFDQKHQFHEHZULWWHQDV   KI [[ 6XEVHTXHQWO\WKH
KRPH JRYHUQPHQW WDNHV WKH RYHUDOO UHDFWLRQ IXQFWLRQ RI WKH IRUHLJQ FRXQWU\ LQWR DFFRXQW LQ
GHWHUPLQLQJLWVRZQRSWLPDOWD[HV)RUWKHRXWFRPHRIWKHJDPHWKHVORSHRIWKHIRUHLJQUHDFWLRQ
IXQFWLRQ   KI [[ LVREYLRXVO\FUXFLDO8QIRUWXQDWHO\DQDQDO\WLFDOVROXWLRQIRUWKLVVSHFLILFJDPH
FDQQRWEHVWUDLJKWIRUZDUGO\REWDLQHG:HWKHUHIRUHXVHWKHIXQFWLRQDOIRUPVRI±WDNLQJ
LQWR DFFRXQW WKDW GRPHVWLF FRQVXPSWLRQ RI WKH VHFRQG FRPPRGLW\ HTXDOV ]HUR DQG UHVRUW WR
QXPHULFDO VLPXODWLRQV:H DVVXPH LGHQWLFDO SURGXFWLRQ VWUXFWXUHV DQG SUHIHUHQFHV LQ WKH WZR
FRXQWULHV )RU ERWK FRXQWULHV WKH LQSXWV LQ WKH VKHOWHUHG VHFWRU DUH FRVW PLQLPL]LQJ LQ WKH
VKHOWHUHGVHFWRUDQGWKHHTXLOLEULXPSULFHOLHVRQWKHIDFWRUSULFHIURQWLHU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,WIROORZVIURP SURILWPD[LPL]DWLRQLQWKHH[SRVHGVHFWRULQWKHKRPHFRXQWU\WKDW

  W EE  UN\    @>   EEH EWEH ¸̧¹·¨̈©§ ¸̧¹·¨̈©§ »»¼º««¬ª  U[[ [[[ IK KIK
7KHGHILQLWLRQVRIDQGKROGDVZHOODQGLQWKHFDVHDWKDQGXWLOLW\PD[LPL]DWLRQRQWKH
SDUWRIWKHFRQVXPHUVLPSOLHV  )S)S  
:H FRQVLGHU WKH IROORZLQJ VHW RI LQLWLDO SDUDPHWHUV LQ WKH VLPXODWLRQV DQG UHSRUW RQ




RI WKH IRUHLJQ FRXQWU\ LV XSZDUG VORSLQJ 7KLV FRQILUPV HDUOLHU ILQGLQJV E\ %DQG\RSDGK\D\
 DQG &ROOLH DQG 'H 0H]D  IRU LVRHODVWLF GHPDQG IXQFWLRQV 2EYLRXVO\ LI












,Q RUGHU WR H[DPLQH WKH VHQVLWLYLW\ RI WKH UHVXOWV WR WKH JLYHQ SDUDPHWHU YDOXHV ZH
SHUIRUPHGDODUJHQXPEHURIQXPHULFDOH[SHULPHQWVDQGVRPHRIWKHPRUHLQWHUHVWLQJUHVXOWVDUH
SUHVHQWHG LQ7DEOH 7KHPDLQ FRQFOXVLRQ HPDQDWLQJ IURP WKLV WDEOH LV WKDW WKH RSWLPDOLW\ RI
WD[LQJ WKHH[SRUW VHFWRUPRUHKHDYLO\ WKDQ WKHVKHOWHUHGVHFWRUUHPDLQV LQWDFW IRUDOOSDUDPHWHU
YDOXHVXVHGLQWKHVLPXODWLRQH[SHULPHQWV
:H DOVR REVHUYH SHUKDSV WULYLDOO\ WKDW DV WKH SURGXFWLRQ HODVWLFLWLHV RI FDSLWDO LQ WKH
VKHOWHUHG RU WKH H[SRVHG VHFWRU LQFUHDVHERWK WD[ UDWHVGHFOLQH7KH UHDVRQ IRU WKLV LV WKDW WKH
SURGXFWLRQHODVWLFLWLHVRIWKHQDWXUDOUHVRXUFHGHFOLQHLQWKHFRUUHVSRQGLQJVHFWRUZKLFKLQWXUQ
LPSOLHV ORZHUHPLVVLRQVDOORZLQJ IRU UHOD[DWLRQRI WKHHPLVVLRQVFRQVWUDLQW$OVRDV WKHKRPH
FDSLWDO HQGRZPHQW GHFUHDVHV ERWK WD[ UDWHV GHFUHDVH LQ RUGHU WR NHHS HPLVVLRQV ZLWKLQ WKH
FRQVWUDLQW $QRWKHU REVHUYDWLRQ LV WKDW DV WKH HODVWLFLW\ RI ZRUOG GHPDQG IRU WKH H[SRUW
FRPPRGLW\LQFUHDVHVLQDEVROXWHYDOXHLHEHFRPHVPRUHHODVWLFWKHUDWLRRIWKHWD[UDWHRQWKH
H[SRUW VHFWRU WR WKH WD[ UDWH RQ WKH VKHOWHUHG VHFWRU   WW GURSV VLJQLILFDQWO\ ,Q HIIHFW IRU
 H  WKHWZRWD[UDWHVEHFRPHDOPRVWHTXDO$QLQWXLWLYHH[SODQDWLRQRIWKLVSKHQRPHQRQLV
WKDWDPRUHFRPSHWLWLYHZRUOGPDUNHWVWUXFWXUHDVLPSOLHGE\DODUJHUPDJQLWXGHRIWKHDEVROXWH
YDOXHRI H UHGXFHVWKHSRVVLELOLW\RIUHWDLQLQJVXUSOXVE\PHDQVRIVWUDWHJLFSROLFLHVUDLVLQJWKH
WD[ UDWH RQ WKH H[SRUW FRPPRGLW\ )ROORZLQJ DQ LQFUHDVH LQ WKH XSSHU ERXQGRQ HPLVVLRQV LQ
HIIHFW UHOD[LQJ WKH HPLVVLRQV FRQVWUDLQW ERWK WD[ UDWHV GHFOLQH EHFDXVH WKHUH LV QRZ PRUH
RSSRUWXQLW\ WRDFFRPPRGDWHHPLVVLRQV3HUKDSVOHVVREYLRXVLVWKHEHKDYLRURIWKHUDWLRRIWKH
WD[ UDWHV IRU WKHGLIIHUHQW VHFWRUV   WW 7KLV UDWLRGHFOLQHVZLWK LQFUHDVHV LQ WKHHPLVVLRQV
FRQVWUDLQWRIWKHKRPHFRXQWU\,QWXLWLYHO\WKLVPD\EHH[SODLQHGE\WKHIDFWWKDWZLWKDUHGXFHG




7KLV SDSHU DGGUHVVHV HFRORJLFDO GXPSLQJ FRQVWLWXWLQJ RQH RI WKH NH\ WRSLFV LQ WKH WUDGH




DQDO\]HV HFRORJLFDO GXPSLQJ LQ D SDUWLDO RU JHQHUDO HTXLOLEULXP VHWWLQJ E\ LQFRUSRUDWLQJ
HPLVVLRQVLQWKHZHOIDUHIXQFWLRQ
:H XVH D GLIIHUHQW VHWXS 5DWKHU WKDQ LQFRUSRUDWLQJ HPLVVLRQV LQ WKH VRFLDO ZHOIDUH
IXQFWLRQZHDVVXPH WKH LPSOHPHQWDWLRQRIDSROLF\ WKDWSXWVDPDQGDWRU\XSSHUERXQGRQ WKH
HPLVVLRQV7KLVSROLF\FRQVWHOODWLRQLVYHU\UHDOLVWLFEHFDXVHPDQ\FRXQWULHVDUHFXUUHQWO\WU\LQJ
WRPHHW UHVWULFWLRQV LQGXFHGE\DJUHHPHQWV VXFKDV WKH.\RWR3URWRFRO WKDW VWLSXODWHVFRQFUHWH





LQFHQWLYH IRU JRYHUQPHQWV WR LPSRVH D OHVV VWULQJHQW HQYLURQPHQWDO SROLF\ RQ WKH H[SRVHG
H[SRUWLQJ VHFWRU ,Q WKH FDVH RIPDQ\ GRPHVWLF SURGXFHUV ZKLFK FDQ EH VHHQ DV DPRQRSRO\
SRZHULQWKHZRUOGPDUNHWLWLVRSWLPDOIRUWKHGRPHVWLFJRYHUQPHQWLQDVHFRQGEHVWZRUOGWR
LPSRVHDPRUH VWULQJHQW HQYLURQPHQWDOSROLF\RQ WKH H[SRVHG VHFWRU:H VKRZ WKDW WKLV UHVXOW
DOVRKROGVIRUWKHFDVHRIDQROLJRSRO\LQDWKLUGPDUNHW$SDUWLFXODUO\LQWHUHVWLQJFDVHUHIHUVWR
WKH VLWXDWLRQ ZKHUH WKH WD[ VHWWLQJ EHKDYLRUV RI WKH IRUHLJQ DQG KRPH JRYHUQPHQWV DUH
LQWHUWZLQHG:HVKRZQXPHULFDOO\WKDWWKHFDVHLQZKLFKWKHKRPHJRYHUQPHQWLVDOORZHGWRWDNH





HQYLURQPHQW DQG WKH LVVXH RI KDUPRQL]DWLRQ RI HQYLURQPHQWDO SROLFLHV DFURVV FRXQWULHV 7KH
UHVXOWVUHOLHYHWKHIUHTXHQWO\GHEDWHGWHQVLRQEHWZHHQWUDGHDQGHQYLURQPHQWDOSROLF\REMHFWLYHV
E\VXJJHVWLQJWKDWIHDURIHFRORJLFDOGXPSLQJFDQKDUGO\EHVXEVWDQWLDWHGE\PHDQV RIVWDQGDUG
QHRFODVVLFDO WKHRU\ 2EYLRXVO\ LQ WKH UHDO ZRUOG PDWWHUV DUH PRUH FRPSOLFDWHG WKDQ ZH FDQ
FXUUHQWO\ FDSWXUH LQ WKHRUHWLFDO PLFURHFRQRPLF PRGHOV 6SHFLILFDOO\ WKH DVVXPSWLRQ RI
JRYHUQPHQWVEHKDYLQJDVVWULFWVRFLDOZHOIDUHPD[LPL]LQJDJHQWVDLPLQJWRGHVLJQDQGLPSOHPHQW
HQYLURQPHQWDOSROLFLHVLQDVRFLDOO\RSWLPDOIDVKLRQLVRSHQWRGLVFXVVLRQDQGFDQEHPRGLILHG,W
LV QRZDGD\V FXVWRPDU\ WR WKLQN RI JRYHUQPHQWV DV SROLF\ EURNHUV EULQJLQJ WRJHWKHU GLIIHUHQW
LQWHUHVWJURXSVZLWKFRQIOLFWLQJVWDNHV LQSROLF\RXWFRPHV6WULFWO\VSHDNLQJ LW LV WKHUHIRUH WRR
HDUO\WRFRPSOHWHO\UXOHRXWWKHSRVVLELOLW\WKDWSROLFLHVRIHFRORJLFDOGXPSLQJFDQEHMXVWLILHGRQ
WKHEDVLVRIVRFLDORSWLPDOLW\JURXQGV+RZHYHULWLVHTXDOO\LPSODXVLEOHWRH[SHFWWKDWWKHJDPH




7RWDOO\GLIIHUHQWLDWLQJWKHZHOIDUHIXQFWLRQ   FFF8 JLYHV





























$W WKH RSWLPXP WKH UHVRXUFH FRQVWUDLQWV  DQG  KROG:H DOVR KDYH HTXDO HPLVVLRQV
WD[HVDVLQ+HQFHWKHILUVWWZRWHUPVRQWKHULJKWKDQGVLGHDUH]HUR7KHUHIRUH










































%DUUHWW 6  6WUDWHJLF HQYLURQPHQWDO SROLF\ DQG LQWHUQDWLRQDO WUDGH -RXUQDO RI 3XEOLF
(FRQRPLFV ±
%UDQGHU $ DQG 6SHQFHU %  ([SRUW VXEVLGLHV DQG LQWHUQDWLRQDO PDUNHW VKDUH ULYDOU\
-RXUQDORI,QWHUQDWLRQDO(FRQRPLFV±
%UDQGHU - DQG 7D\ORU 6  ,QWHUQDWLRQDO WUDGH EHWZHHQ FRQVXPHU DQG FRQVHUYDWLRQLVW
FRXQWULHV5HVRXUFHDQG(QHUJ\(FRQRPLFV±
&ROOLH ' DQG0H]D ' GH  &RPSDUDWLYH DGYDQWDJH DQG WKH SXUVXLW RI VWUDWHJLF WUDGH
SROLF\&DUGLII8QLYHUVLW\PLPHR
(VW\' 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 %ULGJLQJ WKH WUDGHHQYLURQPHQW GLYLGH -RXUQDO RI (FRQRPLF3HUVSHFWLYHV
±
(OEHUV&DQG:LWKDJHQ&D(QYLURQPHQWDOUHJXODWLRQDQGLQWHUQDWLRQDOWUDGH$JHQHUDO
HTXLOLEULXP DSSURDFK LQ - /LVW DQG $ GH =HHXZ HGV 5HFHQW $GYDQFHV LQ
(QYLURQPHQWDO(FRQRPLFV&KHOWHQKDP(GZDUG(OJDUSS±
(OEHUV&DQG:LWKDJHQ&E(QYLURQPHQWDOSROLF\DQG%HUWUDQGFRPSHWLWLRQ$JHQHUDO
HTXLOLEULXPDSSURDFK LQ&+RPPHV55DPHU DQG&:LWKDJHQ HGV(TXLOLEULXP
0DUNHWVDQG'\QDPLFV+HLGHOEHUJ6SULQJHU9HUODJSS±
(OEHUV & DQG:LWKDJHQ &  (QYLURQPHQWDO SROLF\ DQG LQWHUQDWLRQDO WUDGH $UH SROLF\
GLIIHUHQWLDOVRSWLPDO" LQ/0DUVLOLDQL05DXVFKHUDQG&:LWKDJHQHGV(QYLURQ
PHQWDO3ROLF\LQDQ,QWHUQDWLRQDO3HUVSHFWLYH'RUGUHFKW.OXZHUSS±
*RUGRQ 5 DQG %RYHQEHUJ /  :K\ LV FDSLWDO VR LPPRELOH LQWHUQDWLRQDOO\" 3RVVLEOH
H[SODQDWLRQV DQG LPSOLFDWLRQV IRU FDSLWDO LQFRPH WD[DWLRQ$PHULFDQ(FRQRPLF5HYLHZ
 ±
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8OSK $  (QYLURQPHQW DQG WUDGH LQ + )ROPHU DQG / *DEHO HGV 3ULQFLSOHV RI
(QYLURQPHQWDO(FRQRPLFV,, &KHOWHQKDP(GZDUG(OJDUSS±
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